(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



ill 

(11) EP 0 940 118 B1 



(12) 



EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
1 1 .08.2004 Bulletin 2004/33 

(21) Application number: 99104396.9 

(22) Date of filing: 04.03.1999 



(51) intci.7: A61B 3/10, G09B 23/28 



(54) Artificial vision system 

System zum kunstllchen Sehen 
Systdme de vision artiflclelte 



(84) Designated Contracting States: 
DE PR GB NL 

(30) Priority: 06.03.1998 JP 5538498 

(43) Date of publication of application: 
08.09.1999 Bulletin 1999/36 

(73) Proprietor: HOYA CORPORATION 
Shinjuku-ku Tokyo 161 (JP) 



m 

00 



O) 

o 

CL 
LU 



(72) Inventor: Minato, Atsuo, c/o Hoya Corporation 
Shin]uku-ku, Tokyo, 161-8525 (JP) 

(74) Representative: KUHNEN & WACKER 
Patent- und Rechtsanwaitsbtiro 
Postfach 19 64 
85319 Prelsing (DE) 



(56) References cited: 
EP-A- 0 810 427 
US-A- 5 652 640 



GB-A- 2 054 898 
US-A-5 677 750 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve, 75001 PARIS (PR) 



1 



EP 0 940 118 B1 



2 



Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to an artificial vi- s 
sion system for simulating a retinal image according to 
claim 1 , Moreover, the present invention relates to a 
method of simulating a retinal image according to claim 
11. 

BACKGROUND AND RELATED ART 

[0002] From EP-A-0 81 0 427 an ocular optical system 
simulation apparatus is known for simulating a retinal 
Image obtained when a lens Is used with a human eye. 
This known apparatus can simulate intraocular lenses, 
contact lenses or eyeglass lenses. When intraocular 
lenses are simulated, a lens system comprises photo- 
graphic lenses and an Intraocular lens mounting sec- 
tion. The intraocular lens is held within one or more liquid 
containing sections provided in the intraocular lens 
mounting section. The relative position of the photo- 
graphic lenses and the intraocular lens is set by mailing 
the paraxial object point distance of a front refracting 
face of the intraocular lens substantially equal to that 
calculated when the intraocular lens replaces a crystal- 
line lens of Glustrand's ocular model. When simulating 
contact of eyeglass lenses, a front face of a lens dis- 
posed nearest the object in the lens system has sub- 
stantially the same radius of curvature of that of a human 
cornea, and a contact lens supporting base has a shape 
corresponding to the conjunctiva of the eye. An image 
of the object formed by the lens system thus designated 
is captured by a CCD camera and the image is then dis- 
played on a display unit. 

[0003] With this known optical system simulation ap- 
paratus the angle and also the position of the Intraocular 
lens can be varied. 

[0004] From US-A-5,677,750 an apparatus for simu- 
lating an ocular optical system is known, which simu- 
lates a retinal image produced by a human eye through 
an optical lens. Optical system data are produced from 
an optical system including a cornea, a pupil, an Intraoc- 
ular lens, a retina, etc. Based on the optical system data, 
point spread functions each indicative of a distribution 
on an image plane of light emitted from a certain point 
are calculated by a point spread function calculating 
means. Image data are subjected to convolutional inte- 
gration with the point spread functions, detenntning ret- 
inal image data. The retinal image data are converted 
into display data, which are supplied to a display unit to 
display a retinal image thereon. The retinal image dis- 
played on the display unit is an image that would be ac- 
tually fomied on the retina by the human eye, and pro- 
vides an accurate objective indication of how the image 
is seen by the patient. 

[0005] Because an ocular optical system is very com- 
plicated and an actual eye Is very difficult to handle, var- 



ious eye simulations have been proposed as a standard 
optical model of an eyeball. Studies on the optical char- 
acteristics of an eyeball (e.g., changes of various optical 
images when an Intraocular lens is implanted) have 
been conducted by using such simulated eyes or by 
computer simulation using opttoat constants calculated 
from such simulated eyes. 

[0006] Various new types of lenses such as a progres- 
sive multi-focus lens are being developed in the field of 
eyeglass lenses. However, it has heretofore been a 
problem that it has not been possible to objectively ob- 
serve how things are seen when a subject wears these 
eyeglass lenses. This problem has been a big obstacle 
in the research and development of eyeglass lenses. 
[0007] The Inventors of the present Invention have de- 
vised an ocular optical simulation system (Japanese 
Patent Publication No. Hei, 301 887) for simulating a ret- 
inal image obtained when a subject wears an eyeglass 
lens. This system has an eye simulating lens and com- 
prises a lens system for simulating an optical system of 
human eyes when a subject wears an eyeglass lens uti- 
lizing the eye simulating lens, an eyeglass lens to be 
simulated and an image-pickup means for picking up an 
image fonned by the lens system, in order to simulate 
a retinal image of a subject wearing the eyeglass lens. 
[0008] It Is necessary to consider differences between 
ordinary optical systems (camera, telescope and the 
like) in simulating the optics of an eyeglass teas and an 
eyeball. That is, although an object in a wide range can 
be Imaged on the face of a film at one time in case of 
the ordinary optical system, e.g., a camera, as shown 
in FIG. 14a, the eyeball receives an Image in a wide 
range while turning centering about a turning point as 
shown in FIG. 14b. This is because not all images im- 
aged on the retina of the eye are perceived as clear Im- 
ages and only an image in a narrow area of the fovea 
part having high resolution is seen as a clear Image. Ac- 
cordingly, It Is necessary to take the rotary movement 
(ocular movement) centering on the turning point of the 
eyeball into consideration in simulating the eyeglass 
lens and the eyeball as one optical system. 
[0009] Furthermore, a solid (three-dimensional) 
standard measuring object (e.g., chart) suited for the 
purpose of using the eyeglass lens (e.g., far-sighted 
use, near-sighted use and the like) is required for the 
above-mentioned reason to evaluate the perfonnance 
of the eyeglass lens. However, it is very difficult to dis- 
pose the measuring object (chart) widely in three-di- 
mensional space because, for example, an appropriate 
installation space must be assured. 
[0010] Accordingly, it is an object of the present inven- 
tion to provide an artificial vision system, which can sim- 
ulate a retinal image at each eye position when a subject 
observes a standard object by turning his eyeball with 
respect to the eyeglass lens. 

[0011] Another object of the present invention is to 
provide an artificial vision system which can simulate the 
positional relationship among the eyeglass lens, the 
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eyeball and the standard object at each eye position 
when a subject views the standard object through the 
eyeglass lens by turning his eyeball to the standard ob- 
ject set at a predetermined position, and which can sim- 
ulate a retinal image at each position of the eyeball. 
[0012] In connection with the artificial vision systenn 
of the present invention, these objects are solved by the 
features of claim 1. 

[0013] Improved embodiments of the inventive artifi- 
cial vision system result from subclaims 2 to 10. 
[0014] In connection with the method of simulating a 
retinal image the above objects are solved by the fea- 
tures of claim 11. 

SUMMARY OF THE INVENTION 

[0015] In order to achieve the above-mentioned ob- 
jects, the present invention provides an artificial vision 
system for simulating a retinal image at each position 
when a subject puts on an eyeglass lens and views a 
standard measuring object by turning the eyeball. 
[0016] The system comprises an artificial vision cam- 
era having an artificial vision lens system corresponding 
to an ocular optical system and a planar image-pickup 
corresponding to a retina. A rotating mechanism is pro- 
vided for turning the artificial vision camera relatively 
with respect to the eyeglass lens around a turning point 
of the artificial vision lens system in order to simulate 
ocular movement by which the eyeball turns centering 
on its turning point with respect to the eyeglass lens. 
[0017] Because the artificial vision camera is turned 
relatively with respect to the eyeglass lens around a 
turning point of the artificial vision lens system, the po- 
sitional relationship between the eyeglass lens and the 
eyeball when the eyeball Is turned may be simulated. 
Accordingly, the system according to the invention al- 
lows the observation of changes in the retinal image 
when a subject observes a standard measuring object 
through different positions of the eyeglass lens by 
changing the direction of the line of sight. 
[0018] The turning of the artificial vision lens system 
around the turning point may be realized by turning the 
artificial vision camera relatively with respect to the eye- 
glass lens around two axes (e.g., one axis in the vertical 
and one in the horizontal direction) passing through the 
turning point of the artificial vision lens system and or- 
thogonal to each other. In this case, the artificial vision 
camera corresponding to the eyeball may be turned 
around the vertical and horizontal axes with respect to 
the eyeglass lens by fixing the eyeglass lens like the 
actual relationship between the eyeglass lens and the 
eyeball or one of the artificial vision camera and the eye- 
glass lens may be turned around the vertical axis and 
the other around the horizontal axis. 
[0019] A second embodiment of the artificial vision 
system for simulating a retinal image at each position 
when a subject puts on an eyeglass lens and views a 
standard measuring object by turning his eyeball com- 



prises: an artificial vision camera having an artificial vi- 
sion lens system corresponding to an ocular optical sys- 
tem and a planar Image-pickup con-espondlng to a ret- 
ina; and mechanisms for applying parallel movement 
and rotation to the eyeglass lens and the artificial vision 
camera so that the artificial vision camera points toward 
the direction of the standard measuring object at a pre- 
detennined position through the eyeglass lens while 
simulating the positional relationship between the eye- 
glass lens and the eyeball in each position. 
[0020] According to the second embodiment of the in- 
vention, the parallel movement and turning are applied 
to the eyeglass lens and the artificial vision camera to 
simulate the positional relationship between the eye- 
glass lens and the eyeball when the eyeball is turned 
similar to the first embodiment so that the artificial vision 
camera always points toward the standard measuring 
object at a predetennlned position through the eyeglass 
lens. 

[0021] Because a eyeglass lens refracts light like a 
prism, the visual axis (optical axis) passing through the 
eyeglass lens is refracted by the eyeglass lens. There- 
fore, the positional relationship among the eyeball, the 
eyeglass lens and the standard measuring object can- 
not be precisely simulated just by relatively turning the 
eyeglass lens and the artificial vision camera. There- 
fore, according to a second embodiment of the inven- 
tion, parallel movement and turning are applied to the 
eyeglass lens and the artificial vision camera so that the 
visual axis (optical axis) of the artificial vision camera 
faces in front of the measuring object and so that the 
visual axis (optical axis) of the artificial vision camera 
coincides with the center of the measuring object at 
each measuring position when a subject views the 
standard measuring object through the eyeglass lens by 
turning his eyeball. 

[0022] Accordingly, the retinal image obtained when 
one watches the measuring object through different re- 
gions of an eyeglass lens by turning one's eyeball may 
be simulated by laying out the artificial vision camera, 
the standard measuring object, etc., one-dimensionally 
according to the invention, so that the simulation may 
be earned out in a small space with simple facilities. 
[0023] A third embodiment of the artificial vision sys- 
tem for simulating a retinal image at each tum position 
when a subject puts on an eyeglass lens and views a 
standard measuring object by turning his eyeball, com- 
prises: an artlftolal vision camera having an artificial vi- 
sion lens system corresponding to an ocular optical sys- 
tem and a planar image-pickup corresponding to a ret- 
ina; a rotating mechanism for turning the artificial vision 
camera relatively with respect to the eyeglass lens 
around a turning point of the artificial vision lens system 
in order to simulate an ocular movement by which the 
eyeball turns centering on its turning point with respect 
to the eyeglass lens; and mechanisms for applying 
three-dimensional turning to stages on which the eye- 
glass lens, the artificial vision camera and the rotating 
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mechanism are placed so that the artificial vision cam- 
era points toward the direction of the standard measur- 
ing object set at a predetemnined position through the 
eyeglass lens. 

[0024] According to the invention, the visual axis (op- 
tical axis) of the artificial vision camera may be made to 
always face in front of the standard measuring object by 
providing a mechanism for applying three-dimensional 
turning to the stages on which the eyeglass lens, the 
artificial vision camera and the above-mentioned turn 
mechanism are mounted. 

[0025] A fourth embodiment of the artificial vision sys- 
tem for simulating a retinal image at each turn position 
when one puts on an eyeglass lens and watches a 
standard measuring object by turning his eyeball, com- 
prises: an artificial vision camera having an artificial vi- 
sion lens system corresponding to an ocular optical sys- 
tem and a planar image-picl<up corresponding to a ret- 
ina; a rotating mechanism for turning the artificial vision 
camera relatively with respect to the eyeglass lens 
around a turning point of the artificial vision lens system 
in order to simulate an ocular movement by which the 
eyeball turns centered on its turning point with respect 
to the eyeglass tens; and mechanisms for applying 
three-dimensional turning and parallel movement to 
stages on which the eyeglass lens, the artificial vision 
camera and the rotating mechanism are placed so that 
the artificial vision camera points toward the direction of 
the standard measuring object at predetermined posi- 
tion through the eyeglass lens. 
[0026] This fourth embodiment realizes the same mo- 
tion as the second embodiment with respect to the eye- 
glass lens and the artificial vision camera. To that end, 
the three-dimensional parallel movement and turning 
are applied to the stages. In this manner, the visual axis 
(optical axis) of the artificial vision camera faces in front 
of the standard measuring object. Thus, the visual axis 
(optical axis) of the artificial vision camera coincides with 
the center of the measuring object at each measuring 
position when an observer views the standard measur- 
ing object through the eyeglass lens by turning his eye- 
ball. At the same time, the positional relationship be- 
tween the eyeglass lens and the eyeball at each turn 
position Is kept the same, while simulating the ocular 
movement with respect to the eyeglass lens by relatively 
turning the artificial vision camera with respect to the 
eyeglass lens by using the rotating mechanism on the 
stage similarly to the first embodiment. 
[0027] In the first through fourth embodiments de- 
scribed above, preferably, the artificial vision lens sys- 
tem is designed based on optical constants of a paraxial 
area calculated from the simulated eye so as to be able 
to simulate the positional relationship between an eye- 
glass lens and an object side principal point of an eye- 
ball. 

[0028] The use of this artificial vision lens system al- 
lows the eyeglass lens to be disposed at a desired po- 
sition on the object side from the front face of the artificial 



vision lens system (corresponds to the front face of the 
cornea), the turning point to be disposed at a desired 
position on the Image side from the front face of the ar- 
tificial vision lens system, and the positioning of the eye- 
5 glass lens and the eyeball to be simulated correctly. 
While only a narrow retinal Image at the fovea part is 
clearly perceived by human eyes, the image in this nar- 
row field of view may be simulated fully by designing the 
artificial vision lens system based on a simulated eye, 
such as Glustrand's precision simulated eye, whose op- 
tical constants. I.e. focal length, position of pupil en- 
trance, etc., in the paraxial area are not so different from 
those of the human eye. In addition, the artificial vision 
lens system may be relatively easily manufactured. 
[0029] Preferably, the optical system of the artificial 
vision lens system comprises, sequentially from the ob- 
ject side, a front lens group having negative refracting 
power, a stop, and rear lens group having positive re- 
fracting power, and the optical system Is arranged such 
that the focal position can be controlled by moving the 
rear lens group. By constructing the system as de- 
scribed above, the focal position may be controlled with- 
out changing the position of the pupil entrance of the 
artificial vision lens system. 

[0030] Characteristics equivalent to human vision, 
etc. others may be realized, and the artificial vision cam- 
era may be constructed compactly by using CCDs as 
the planar image-picl<up in the above-mentioned em- 
bodiments. Still more, the retinal Image obtained when 
one puts on the eyeglass lens may be observed In real- 
time by providing display means for displaying the im- 
age picked up by the artificial vision camera. 
[0031] In accordance with a still further embodiment 
of the present invention, there is provided an artificial 
vision system for simulating a retinal image obtained 
when an observer views an object through a lens by 
turning his eyeball. The system comprises: an artificial 
vision camera including an artificial ocular optical sys- 
tem having a simulated turning point and a planar Im- 
age-pickup; a lens holder; and a mechanism operably 
connected to the artificial vision camera to rotate the ar- 
tificial vision camera around the simulated turning point 
relative to a lens held in the lens holder. In accordance 
with yet another embodiment according to the present 
Invention, there is provided a system othen/vlse as in the 
latter embodiment having a first mechanism operably 
connected to the artificial vision camera to rotate the ar- 
tificial vision camera around the simulated turning point 
relative to a lens held In the lens holder; and a second 
mechanism operably connected to the holder, to posi- 
tion a lens held In the lens holder relative to the artificial 
vision camera. 

[0032] In accordance with a still further embodiment, 
the system is provided with a first mechanism operably 
connected to the artificial vision camera to rotate the ar- 
tificial vision camera around the simulated turning point 
relative to a lens held in the tens holder; a second mech- 
anism operably connected to the lens holder to position 
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a lens held in the holder relative to the artificial vision 
camera; and a standard object; wherein the first and 
second mechanisms are operably connected to position 
said artificial vision camera to point through a eyeglass 
lens held In the lens holder toward a predetermined lo- 
cation on said standard object. 
[0033] In yet another embodiment, the system is pro- 
vided with a first mechanism operably connected to the 
artificial vision camera to rotate the artificial vision cam- 
era around the simulated turning point relative to a lens 
held in the lens holder; a second mechanism operably 
connected to the lens holder to position a lens held in 
the holder relative to the artificial vision camera; a third 
mechanism operably connected to the first mechanism 
and second mechanisms to Impart rotation and parallel 
movement to the lens holder and artificial vision camera; 
and a standard object; wherein the first and second 
mechanisms are operably connected to position the ar- 
tificial vision camera to point through a eyeglass lens 
held In the lens holder toward a predetermined location 
on said standard object. 

[0034] A still further embodiment of the present inven- 
tion provides a method of simulating a retinal image ob- 
tained when an observer views an object through a lens 
by turning his eyeball. The method comprises the steps 
of: providing an artificial vision camera including an ar- 
tificial ocular optical system having a simulated turning 
point and a planar image-pickup; providing a lens holder 
for holding a lens; providing a lens; and moving the lens 
and the artificial vision camera to simulate movement of 
the artificial vision camera about the turning point. 
[0035] Further preferable embodiments of the inven- 
tion are described in the dependent claims. Further ob- 
jects, features and advantages of the present Invention 
will become apparent from the Detailed Description of 
the Preferred Embodiments, which follows, when con- 
sidered together with the attached Figures. 

BRIEF DESCRIPTION OF DRAWINGS 

[0036] FIG. 1 is a perspective view showing one em- 
bodiment of an artificial vision system of the present in- 
vention. 

[0037] FIGs. 2a through 2c are explanatory diagrams 
for explaining the rotation of the artificial vision camera 
and eyeglass lens shown in FIG. 1. 
[0038] FIG. 3 is a diagram showing the positional re- 
lationship between the eyeglass lens and an artificial vi- 
sion lens system within the artificial vision camera. 
[0039] FIG. 4 is a perspective view showing a state in 
which the artificial vision camera is viewing a standard 
measuring object through a near-sighted section of the 
eyeglass lens. 

[0040] FIG. 5 is a explanatory diagram Illustrating the 
formation of an image by the eyeglass lens and a sim- 
ulated eye that replaces an eyeball. 
[0041] FIG. 6 is a diagram showing the disposition of 
the artificial vision lens system, a shutter and CCDs of 



a CCD camera provided within an artificial vision cam- 
era. FIGs. 7a through 7c are diagrams illustrating ac- 
commodation of focal position of the artificial vision lens 
system. 

5 [0042] FIG. 8 Is a table showing Illustrative numerical 
data such as radius of curvature of each lens face of the 
artificial vision lens system according to the present in- 
vention. 

[0043] FIG. 9 is a table showing illustrative optical 

10 constants such as a focal length of the artificial vision 
lens system according to the present invention. 
[0044] FIG. 1 0 is a perspective view showing a struc- 
ture of a system for evaluating the performance of an 
eyeglass lens by observing a standard measuring object 

IS (e.g., chart) at a distance and up close by using the ar- 
tificial vision system shown in FIG. 1 . 
[0045] FIG. 1 1 is a perspective view showing a sche- 
matic arrangement for measuring far-sightedness by 
using the system shown in FIG. 10. 

20 [0046] FIG. 12 is a perspective view showing a sche- 
matic arrangement in measuring near-sightedness by 
using the system shown In FIG. 1 0. 
[0047] FIGs. 13-1 (a) through 13-3(c) are diagrams for 
explaining rotary and parallel movements of the artificial 

25 vision camera and the eyeglass tens to simulate the po- 
sitional relationship between an eyeball, the eyeglass 
lens and the measuring object when the eyeball is 
turned. 

[0048] FIGs. 14a and 14b are explanatory diagrams 
30 for illustrating differences between an ordinary optical 
system and an eyeglass optical system. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

35 

[0049] The invention will now be described with refer- 
ence to certain preferred embodiments, and with refer- 
ence to the Figures in which lil<e parts are refen-ed to by 
like reference numerals. 

40 [0050] FIG. 1 Is a perspective view of one embodi- 
ment of an artificial vision system according to the 
present invention. In FIG. 1 , the reference numeral (1) 
denotes an artificial vision camera 1. An artificial vision 
lens system corresponding to an ocular optical system 

45 and a CCD camera having CCDs which function as an 
planar Image-pickup corresponding to a retina are pro- 
vided within artificial vision camera 1 . Eyeglass lens 2 
is provided in front of the artificial vision camera 1 so as 
to face an artificial vision lens system 3 as shown In 

50 FIGs. 1 through 3. A system structure is required which 
allows (1) an optical axis or a visual line and an image 
surface to be continuously evaluated, and (2) the posi- 
tion of the eyeglass lens where light flux passes through 
to be changed in accordance to the rotation of the eye- 

55 ball. This structure simulates the effect of the rotary 
movement of the eyeball centering on Its turning polrit 
with respect to the eyeglass lens. 
[0051] The rotary movement, I.e. ocular movement, 
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of the eyeball around the turn point may be realized by 
combining rotation in the horizontal direction, i.e. rota- 
tion around a Z-axis passing through the turning point 
of the eyeball, and rotation in the vertical direction, i.e. 
rotation around a Y-axis passing through the turning s 
point of the eyeball, as shown in FIG. 2c. According to 
the present embodiment, the rotary movement of the 
eyeball is simulated such that rotation in the horizontal 
direction, I.e. rotation around a Z-axis passing through 
a turning point of the artificial vision lens system, is car- 
ried out by the artificial vision camera 1 and rotation in 
the vertical direction, I.e. rotation around a Y-axIs pass- 
ing through the turning point of the artificiai vision lens 
system, is cabled out by the eyeglass lens 2. 
[0052] That is, rotation in the horizontal direction, for 
example right and left direction in Fig.1 , is made possi- 
ble by placing the artificiai vision camera 1 , i.e. artificial 
vision lens system and CCD camera, on a mount 6 on 
a rotary stage 7 as shown In FIGs. 1 and 2a. Further- 
more, the artificial vision camera 1 is arranged such that 
its position can be adjusted with the center of rotation 
of the rotary stage 7 so that the position of the center of 
rotation of the rotary stage 7 coincides with the position 
of the turning point of the artificial vision lens system. 
This configuration achieves the same effect as rotary 
movement of the eyeball In the horizontal direction 
around the turning point. 

[0053] The eyeglass lens 2 is attached to a rotary 
stage 9 via a supporting rod 8 as shown in FIGs. 1 and 
2b so that the eyeglass lens 2 can be turned In the ver- 
tical direction, for example up and down direction in Fig. 
1 , by turning the rotary stage 9. The system is arranged 
such that a distance S from the rear face of the eyeglass 
lens 2 to the first face, i.e. corresponding to the apex of 
acomea of an eyeball, of the artificial vision lens system 
3 may be adjusted as shown in FIG. 3, so that the posi- 
tion of the center of rotation of the rotary stage 9 coin- 
cides with the position of the turning point of the artificial 
vision tens system 3. In this manner the same effect as 
the rotary movement of an eyeball in the vertical direc- 
tion centering on the turning point may be obtained. 
[0054] The same effect as the rotary movement, i.e. 
ocular movement, of an eyeball centering on its turning 
point may be obtained by appropriately combining these 
two rotary movements In the horizontal and vertical di- 
rections. FIG. 4 shows one example of observing a 
standard measuring object by using the artificial vision 
camera 1 in which the artificial vision camera 1 views a 
nearby standard measuring object 18, such as a news- 
paper, or optical chart, through a near-sighted section 
of the eyeglass lens 2, e.g., multi-focus lens. 
[0055] Rotary stage 7 for turning the artificial vision 
camera 1 and a supporting section 1 0 for supporting ro- 
tary stage 9 for turning the eyeglass lens 2 are provided 
on a stage 1 1 , The eyeglass lens 2 and the artificial vi- 
sion camera 1 are arranged so as to be able to turn by 
about 30 degrees, respectively. In the up and down and 
right and left directions. 



[0056] It is necessary, in evaluating the performance 
of the eyeglass lens by the standard object or chart, to 
observe a retinal image at each position, when the po- 
sition of light flux, which is transmitted from the standard 
object (chart) on the outside through the eyeglass lens, 
changes along with turning of the eyeball. It is very dif- 
ficult to realize this objective, because a large number 
of standard objects or charts have to be set within a 
three-dimensional space or field of vision, for example 
In a wide area In a wide range of positions In the up and 
down and right and left directions and from up-close po- 
sitions to distant positions, visible by changing a line of 
sight when the artificial vision camera con-esponding to 
an eyeball Is turned, for example up and down or right 
and left, around the turning point. 
[0057] In the present embodiment, the chart or other 
standard measuring object is fixed in one direction and 
three-dimensional turning and parallel movement are 
achieved by the artificial vision camera 1 and the eye- 
glass lens 2 to simulate the positional relationship be- 
tween the eyeball, the eyeglass lens and the chart or 
standard object when the eyeball turns. A turning and 
parallel movement mechanism is provided under the 
stage 11 on which the eyeglass lens 2 and the artificial 
vision camera 1 are mounted. The mechanism is ar- 
ranged so that the optical axis (visual axis) of the artifi- 
cial vision camera 1 always faces the chart or other 
standard measuring object in a predetermined direction 
while simulating the rotary movements of an eyeball 
centered on the turning point with respect to the eye- 
glass lens. This is achieved by turning in the horizontal 
direction of the artificial vision camera 1 by means of the 
rotary stage 7 and turning in the vertical direction of the 
eyeglass lens 2 by means of the rotary stage 9, as de- 
scribed above. 

[0058] The above movements can be explained con- 
cretely by setting the direction of the optical axis (visual 
axis) of the artificial vision camera 1 to be the X-direc- 
tion, the direction to the right and left with respect to the 
eyeglass lens 2 to be the Y-dlrection and the direction 
up and down with respect to the eyeglass lens 2 as Z- 
direction as shown in FIG. 1. Mounted right under the 
stage 11 on which the eyeglass lens 2 and the artificial 
vision camera 1 are mounted Is a rotary stage 12 turning 
around the 2-axis, a gonio-stage 13 tuming around the 
Y-axis, an XY stage 14 moving in parallel to the X and 
Y directions and an a Z stage 16, at the bottom of the 
Fig. moving In parallel to the Z-dlrection. The assembly 
is also arranged such that the rotation about the X-axis 
is achieved by processing an image taken into the arti- 
ficial vision camera 1 . it Is noted that the reference nu- 
meral (15) denotes a mount plate of the XY stage 14 
and (17) denotes a base board. 
[0059] Thereby, the optical axis (visual axis) of the ar- 
tificial vision camera 1 may be set so as to always point 
toward the chart or standard measuring object at a fixed 
direction through the eyeglass lens 2. That is, the posi- 
tional relationship between the eyeball, the eyeglass 
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lens and the measuring object when the eyeball is 
turned may be simulated even with the standard meas- 
uring object at a fixed position by applying three-dimen- 
sional rotary and linear movements to the artificial vision 
camera 1 and the eyeglass lens 2. This relationship will 
be explained more concretely below. 
[0060] FIG. 13-1 (a) shows a case In which a subject 
wearing an eyeglass lens 2, such as a progressive multi- 
focus lens, is viewing a standard measuring object O 
through a far-sighted section of the eyeglass (ens 2, 
while keeping his posture straight and line of sight hor- 
izontal. In this state, a visual axis (optical axis) A of an 
eyeball E is a straight line which passes through the eye- 
glass lens 2. The relationship among the eyeball E, the 
eyeglass lens 2 and the measuring object O at this time 
may be simulated by keeping a visual axis (optica! axis) 
A of the artificial vision camera 1 horizontal as shown in 
FIG. 1 3-1 (b) because the visual axis (optical axis) A ad- 
vances linearly through the far-sighted section and fac- 
es the front of the measuring object O. FIG. 1 3-2 shows 
a case In which the subject tilts his neck (head) down 
without moving the eyeball E from the state shown in 
FIG. 13-1 (a), the relationship among the eyeball E, the 
eyeglass lens 2 and the measuring object O is the same 
as that shown In FIG. 1 3-1 (a) and may also be simulated 
as shown in FIG. 13-1 (b). 

[0061 1 However, when the subject views the standard 
measuring object O below him through the near-sighted 
section of the eyeglass lens 2 by moving only the eyeball 
E as shown in FIG. 13-3(a), the visual axis (optical axis) 
A of the eyeball E does not coincide with a straight line 
A' which advances linearly and extends through the eye- 
glass lens 2 as shown In FIG. 13-1 (a), it is because the 
eyeglass lens 2 functions as a prism and the visual axis 
(optical axis) A is deflected by the eyeglass lens 2 and 
the eyeball E looking not In the A' direction but in the A 
direction. 

[0062] Accordingly, when only the eyeglass lens 2 is 
turned upward around the turning point of the artificial 
vision lens system as shown in FIG. 13-3(b), In order to 
simulate the downward turn of the eyeball E without 
changing the positional relationship between the artifi- 
cial vision camera 1 and the measuring object O, while 
keeping the same state with that shown in FIG. 13-1 (b), 
the visual axis A for example, the shooting direction of 
the artificial vision camera 1 , of the artificial vision cam- 
era 1 does not advance linearly through the eyeglass 
lens 2 like a straight line A', but is deflected by the eye- 
glass lens 2 and does not face the front of the measuring 
object O, which could be fixed. The perfomriance of the 
eyeglass lens 2 cannot be evaluated correctly in such a 
case. 

[0063] Therefore, the gonio-stage 13 underthe stage 
11 Is turned while keeping the positional relationship 
(state In FIG. 13-3(b) between the artificial vision cam- 
era 1 and the eyeglass lens 2 on the stage 1 1 as shown 
in FIG. 13(3)0 so that the visual axis (optical axis) A of 
the artificial vision camera 1 points to the front of the 



measuring object O (fixed). Furthermore, the artificial vi- 
sion camera 1 and the eyeglass lens 2 are moved up 
and down by the 2 stage 1 6 underthe stage 1 1 to adjust 
the assembly so that the visual axis (optical axis) A of 
5 the artificial vision camera 1 is positioned at the center 
point C of the measuring object O at each measuring 
position to simulate the case when the measuring object 

0 is seen through the eyeglass lens 2 by turning the 
eyeball E. 

[0064] The method for correcting the deflection of the 

visual axis (optical axis) A of the artificial vision camera 

1 has been described, for simplicity's sake and referring 
respect to FIG. 13, only with respect to deflection in the 
vertical direction caused by the eyeglass lens 2 when 
the eyeball E is turned. However, the visual axis (optical 
axis) A of the artificial vision camera 1 may actually be 
deflected through the eyeglass lens 2, not only In the 
vertical direction, but also in the horizontal direction 
when the eyeball E is turned in the vertical and horizon- 
tal directions. 

[0065] Accordingly, the positional relationship be- 
tween the eyeball E and the eyeglass lens 2 and the 
measuring object O is simulated by a three-dimensional 
turning and parallel movement mechanism including the 
case of Image processing such as the rotary stage 12, 
the gonio-stage 1 3, the XY stage 1 4 and the Z stage 1 6 
provided under the stage 11 ; while the vertical turning 
of the eyeball E Itself is simulated by the vertical turning 
of the eyeglass lens 2 and the horizontal turning of the 
eyeball E itself is simulated by the horizontal turning of 
the artificial vision camera 1 in order to simulate the po- 
sitional relationship among the eyeball E, the eyeglass 
lens 2 and the measuring object O. 
[0066] The structure underthe stage 1 1 for simulating 
the ocular movement by turning the artificial vision cam- 
era 1 and the eyeglass lens 2 may be realized by any 
suitable assembly having a parallel movement and turn- 
ing mechanism in the direction of each of the X, Y and 
Z axes. For instance, it is possible to arrange the as- 
sembly so as to mount a gonio-stage turning around the 
Y-axis right under the stage 11 and then a rotary stage 
turning around the Z-axis, a Z stage moving in parallel 
In the Z direction and an XY stage moving in parallel 
with the X and Y directions at the bottom. Turning around 
the X-axis may be realized by processing images which 
have been taken in. 

[0067] The artificial vision lens system 3 used in the 
artificial vision camera 1 will next be explained. 
[0068] While light which has passed through the eye- 
glass lens advances toward a pupil (entrance to the pu- 
pil) of the eye, the brightness of an Image and the size 
of a view field change when a distance between the 
apexes of the rear face of the eyeglass lens and of the 
cornea and the position of the pupil (position of the en- 
trance to the pupil) shift when the optical system replac- 
ing the eye as shown In FIG. 5 is used. Therefore, It Is 
necessary to give due consideration to the above-men- 
tioned distance and the position so that they can be set 
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correctly. However, the eyeglass lens and the state of 
the eyeball cannot be simulated by ready-made photog- 
raphy and industrial lenses because the position of the 
object side principal point and the entrance to the pupil 
are located on a rear side as compared to the eyeball, s 
and the distance between the apexes cannot be set cor- 
rectly. That is, because the brightness of the image and 
the size of the field of view largely change in simulating 
the retinal image by using an eyeglass lens and an op- 
tical system such as ready made photographing lenses, 
the lens cannot be evaluated correctly In this fashion. 
Therefore, an optical system Is required which allows 
the distance between the apexes and the position of the 
entrance to the pupil to be correctly set. 
[0069] The artificial vision lens system 3 according to 
the present invention has been designed and fabricated 
by making reference to optical constants of a paraxial 
area calculated from a Glustrand's precision simulated 
eye so that the positional relationship between the eye- 
glass lens and position of the object side principal point 
of the eyeball may be simulated correctly. 
[0070] A number of simulated eyes whose ocular im- 
age-fonmlng characteristics are adjusted to the actual 
measurements have been proposed lately e.g., one us- 
ing an asphericai lens (R. Navarro, 1 985), one in which 
a crystalline lens is multi-layered (O. Pomerantzeff, 
1984) and one using a distributed index lens (J. Warren 
Blaker, 1980). However, there have been technological 
problems In fabricating these simulated eyes. There- 
fore, the optical constants In the paraxial area of the 
Glustrand's precision simulated eye has been adopted 
because the optical constants (focal length, position of 
entrance pupil and others) of the human eye Is not so 
different from that in the paraxial area. 
[0071 ] FIG. 6 shows the disposition of the artificial vi- 
sion lens system 3, a shutter 4 of the CCD camera and 
the CCDs (CCD surface) 5. As shown in FIG. 6, the ar- 
tificial vision lens system 3 comprises, in order from the 
object side, a front lens group 31 composed of lenses 
and L2 and having negative refracting power, a stop 
32, and a rear lens group 33 composed of lenses L3 
through Lq and having positive refracting power. The ob- 
ject side principal point of the whole system and the turn- 
ing point (or the pupil entrance) are disposed at posi- 
tions suitable for simulating the eyeglass lens. 
[0072] The focal position of the artificial vision lens 
system 3 may be accommodated with an accommodat- 
ing ability of ±3.0 D (diopter) by moving the rear lens 
group 33 behind the stop 32 of the optical system as 
shown In FIG. 7. FIG. 7b shows the reference position 
at 0.0 D. FIG. 7a shows a state in which the rear lens 
group 33 is moved forward from the state in FIG. 7b to 
increase the refracting power by +3.0 D, and FIG. 7c 
shows a state in which the rear lens group 33 is moved 
rearward from the state shown in FIG. 7b to reduce the 
refracting power by -3.0 D. Thus, the refracting power 
may be controlled by moving the rear lens group 33 be- 
hind the stop 32, so that the position of the pupil en- 



trance will not change even when the focal position of 
the artificial vision lens system 3 is changed. Further- 
more, because the refracting power of the artificial vision 
lens system 3 may be changed, it is possible to simulate 
how things can be seen corresponding to accommodat- 
ing ability of eyes of respective persons having normal 
vision, short-sightedness, far-sightedness, old-sighted 
eye, and the like. 

[0073] FIG. 8 shows numerical data of the lenses 
through L^. In FIG. 8, the respective symbols r.,, r2, ... 
denote a radius of curvature of each lens face Including 
the stop (see FIG. 6) and r^ to rg, rg to rg, ... denote gaps, 
i.e. distance on the optical axis, between the respective 
lens faces (including the stop). For example, r-i to r2 is 
a distance between the front face r^ and the rear face 
r2 of the lens (thickness of the lens on the optical 
axis). Further, n1, n2, ... denote refractive index of the 
respective lenses L^, L2, ... (on a d-line) and v1 , v2, ... 
denote the Abbe's number of the respective lenses L^, 
L2, ... (on the d-line). It is noted that the front face of the 
lens Li and the rear face r of the lens have the same 
radius of curvature rg and the lenses and Lg are close- 
ly contacted. The gap to between the stop 32 and 
the front face of the lens L3 changes when the rear lens 
group 33 is moved to change the accommodating ability 
of the above-mentioned artificial vision lens system 3. 
The value 1 .95 mm of the gap to rg in FIG. 8 is the 
value in the case of FIG. 7b and the values of the gap 
to rg in case of FIGs. 7a and 7c are 0.95 mm and 2.95 
mm, respectively. Furthemnore, In the present embodi- 
ment, the stop 32 is a fixed stop whose diameter is (t>8.5 
mm. However, the diameter of the stop may be changed 
to (1)85, 6.0, 4.0 or 2.0 mm. 

[0074] FIG. 9 shows the optical constants of the arti- 
ficial vision lens system 3 according to the above-de- 
scribed embodiment. Thereby, the eyeglass tens 2 may 
be disposed at an ariDitrary position between 10 and 20 
mm to the object side from the front face of the artificial 
vision lens system 3 and the turning point may be dis- 
posed at an arbitrary position between 1 0 to 22 mm to 
the image side from the front face of the artificial vision 
lens system 3. 

[0075] Because the setting position may be controlled 
as described above, the positional relationship among 
the eyeglass lens and the object side principal point and 
the turning point of the artificial vision lens system 3 in 
FIG. 6 may be set In the same manner as the positional 
relationship between the eyeglass lens and the object 
side principal point and the turning point of the eyeball 
in FIG. 5. It Is noted that the position of the pupil en- 
trance, not the position of the turning point, may be set 
from the back face of the eyeglass lens or the object 
side principal point of the artificial vision lens system 3. 
[0076] The part of the present system corresponding 
to the retina of a human eye is the CCD 5. Because the 
image surface is planar, the best image surface of the 
artificial vision lens system is arranged to be planar cor- 
responding to the CCD surface. A high resolution CCD 
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camera (Kodak Mega-plus 1 A i) manufactured by East- 
man Kodak Co. has been used as the CCD camera. An 
effective photo-receiving area of the CCD 5 is 100 % 
and its pixel size is 6.8 (im x 6.8 p.m. This corresponds 
to about 1 50 lines/mm in temris of spatial frequency and s 
is equivalent to a visual acuity of about 1 .5. 
[0077] By reducing from a visual acuity of 1 5, the MTF 
(Modulation Transfer Function) turns out to be 20 to 25 
% or more, when the spatial frequency is 1 50 (lines/mm) 
in the case of a human, It is known that the human eye 
presents a value more or less higher than the MTF of 
the Glustrand's precision simulated eye because it in- 
cludes not only the optical performances of the eyeball 
(retina, crystalline lens and others) but also the MTF in 
the retina, characteristics of visual infomnation process- 
ing mechanism in the neural network and the cerebrum, 
and the like (H Ohzu et, al., "Optical Modulation by the 
Isolated Human Fovea", Vision Res 12, 231 to 251 
(1972)). From these aspects, the artificial vision lens 
system have been designed by setting the highfrequen- 
cy side at a slightly higher value. When it is confinned 
that the artificial vision lens system thus designed has 
been fabricated accurately, the relative evaluation and 
observation of the eyeglass lens may be performed fa- 
vorably without being Influenced very much by the fab- 
ricated artificial vision lens system. 
[0078] While it is possible to change the distance be- 
tween the standard measuring object (e.g., chart) and 
the eyeglass lens 2 by moving in the X-axis direction by 
means of the XY stage 1 4 described In FIG. 1 , the move- 
ment is limited just by moving the XY stage 14 and the 
distance cannot be changed arbitrarily from a distant 
standard measuring object to a near one. The measur- 
ing object is fixed on the X-axis and is disposed, while 
changing the distance between the eyeglass lens 2 in 
the X-axis direction, so as to be able to change the dis- 
tance between the measuring object and the eyeglass 
lens arbitrarily. FIG. 1 0 shows a system for observing a 
standard measuring object (e.g., chart) at a distance 
and closely to evaluate the performance of the eyeglass 
lens 2 (evaluation by the chart) by using the above-men- 
tioned artificial vision system shown in FIG. 1 . 
[0079] As shown in FIG. 1 0, the artificial vision system 
in FIG. 1 is set on a mount 21 on a base 20. An X rail 
22 is disposed on the base 20 along the X-axis direction, 
which is the direction of the optical axis (visual axis) of 
the artificial vision camera 1 . The chart, an Illuminating 
optical system for illuminating the chart, etc. are set on 
the X rail 22. Specifically, disposed on the X rail 22 are 
a collimator box 23 on which the chart is attached, a dif- 
fusing plate 24, a collimator lens 25, an illuminator 26 
and the like. A monitor 27 for displaying an image of the 
chart shot by the artificial vision camera 1 is provided 
on the base 20. There is also provided a personal com- 
puter (not shown) for an automatic stage control for con- 
trolling the turning and parallel movement of the rotary 
stage 7, the XY stage 14, etc., of the artificial vision sys- 
tem and for outputting Images to the monitor 27. 



[0080] A case of measuring far-sightedness by using 
the system in FIG. 10 will next be explained by reference 
to FIG. 1 1 . As shown in the figure, the collimator box 23, 
the diffusing plate 24, the collimator lens 25 and the il- 
luminator 26 are disposed sequentially from the side of 
the artificial vision camera 1 on the X rail 22. Three di- 
mensional parallel movement and turning are applied to 
the eyeglass lens 2 and the artificial vision camera 1 by 
the above-mentioned turning and parallel movement 
mechanism to make sure that the direction of the optical 
axis (visual axis) of the artificial vision camera 1 through 
the eyeglass lens 2 always points to the chart. Light from 
the illuminator 26 is collimated by the collimator lens 25 
and Is then irradiated to the diffusing plate 24. The illu- 
mination light which has become homogeneous by hav- 
ing been diffused by the diffusing plate 24 is illuminated 
to the chart on the collimator box 23 and the light (an 
Image) which has been transmitted through the chart is 
collimated by a collimator lens of the collimator box 23 
to be input to the artificial vision camera 1 . 
[0081] A case of measuring near-sightedness by us- 
ing the system shown in FIG. 10 will be explained by 
reference to FIG. 12. The diffusing plate 24, the collima- 
tor lens 25 and the Illuminator 26 are disposed sequen- 
tially from the side of the artificial vision camera 1 on the 
X rail 22. The chart is attached to the diffusing plate 24. 
Light from the illuminator 26 is collimated by the colli- 
mator lens 25 and Is irradiated to the diffusing plate 24. 
The homogeneous Illumination light which has been dif- 
fused by the diffusing plate 24 is In^adlated to the chart 
attached to the diffusing plate 24 and the light (an image) 
which has been transmitted through the chart enters the 
artificial vision camera 1 . 

[0082] it Is also possible to arrange the assembly ac- 
cording to the present invention so as to observe an Im- 
age through the far-sighted section or the near-sighted 
section of a eyeglass lens by setting a visual acuity chart 
in front of the artificial vision camera 1 of the artificial 
vision system in FIG. 1 without using the system as 
shown In FIG. 10. 

[0083] The artificial vision lens system 3 of the present 
embodiment is adjusted to the optical constants of the 
paraxial area of the Glustrand's precision simulated eye 
and is not designed by considering the image fomilng 
characteristics. To the contrary, the image in the simu- 
lation of images of a currently developed computer vis- 
ual system Is calculated to be a retinal Image of the sim- 
ulated eye which has passed through the eyeglass lens 
in the respective sight line directions, and Is believed to 
represent the image forming performance on the retina. 
On the other hand, the image obtained from the artificial 
vision system of the present invention is an image taken 
in in a small angle of view (around the fovea of the retina; 
about 5 degrees) and the image obtained does not rep- 
resent Image fonning perfonnance. The evaluation by 
the observation of the image according to the present 
system Is an utmost relative evaluation. 
[0084] However, although It is Impossible to simulate 
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with a computer when the shape of the eyeglass lens is 
not known In advance e.g., an eyeglass lens having a 
manufacturing error and a eyeglass lens whose design 
values are unknown, the present artificial vision system 
allows an Image to be observed in real-time by adjusting 
the standard measuring object (e.g., chart) and the op- 
tical axis (visual axis) of the artificial vision camera pass- 
ing through the eyeglass lens. 
[0085] Furthermore, while progressive multi-focus 
lenses and the like are eyeglass lenses for which human 
technological considerations are taken into account in 
their optical design, there has heretofore been no lens 
meter or the like for correctly evaluating such lenses. 
The present artificial vision system Is particularly useful 
In evaluating such in conjunction with a retinal image 
simulation obtained by computer. 
[0086] As described above in detail, according to the 
present invention, because the artificial vision camera 
Is turned relatively with respect to the eyeglass lens 
around the turning point of the artificial vision lens sys- 
tem, the positional relationship between the eyeglass 
lens and the eyeball when the eyeball is tumed may be 
simulated, and the retinal Image when one views the 
standard measuring object through different portions of 
the eyeglass lens may be obtained by changing the di- 
rection of line of sight. 

[0087] Furthermore, according to the present inven- 
tion, parallel movement and turning are applied to the 
eyeglass lens and the artificial vision camera to simulate 
the positional relationship between the eyeglass lens 
and the eyeball when the eyeball is turned. Thus, the 
artificial vision camera heads toward the measuring ob- 
ject at a predetennined position through the eyeglass 
lens, and a retinal image obtained when a subject views 
the measuring object through different regions of the 
eyeglass lens by turning his eyeball may be simulated 
within a relatively small space and with simple facilities 
and equipment. 

[0088] While the present invention has been illustrat- 
ed by means of certain preferred embodiments, one of 
ordinary skill in the art will recognize that additions, de- 
letions, substitutions and modifications can be made 
while remaining within the spirit and scope of the present 
Invention as determined by the appended claims. 



Claims 

1. An artificial vision system for simulating a retinal Im- 
age, comprising: 

an artificial vision camera (1) including an arti- 
ficial ocular optical system (3) having a simu- 
lated tuming point and a planar Image-pickup; 
a lens holder (8); 

first mechanisms (7) operabiy connected to the 
artificial vision camera (1 ) to rotate the artificial 
vision camera (1 ) around the simulated turning 



point relative to a lens (2) held In the lens holder 

(8): 

second mechanisms (9) operabiy connected to 
the holder (8), to position a lens (2) held in the 
5 lens holder (8) relative to the artificial vision 

camera (1); 
a standard object (18); 

wherein the first and second mechanisms (7, 9) are 
10 operabiy connected to position said artiftelal vision 
camera (1) to point through an eyeglass lens (2) 
held in the lens holder (8) toward a predetermined 
location on said standard object (18), 
characterized by 
15 third mechanisms (12, 13, 14, 16) operabiy connect- 
ed to the first mechanisms (7) and second mecha- 
nisms (9) to Impart rotation and parallel movement 
to the lens holder (8) and artificial vision camera (1 ). 

20 2. System according to claim 1, wherein the first 
mechanisms (7) is a first rotation mechanism oper- 
abiy connected to rotate the artificial vision camera 
(1) about a first vertical z axis passing through the 
simulated turning point; 

25 the second mechanisms (9) is a second rotation 
mechanism operabiy connected to the lens holder 
(8) to rotate a lens (2) held in the holder (8) to sim- 
ulate rotation of the artificial vision camera (1 ) about 
a second, horizontal y axis passing through the slm- 

30 ulated turning point and nomnal to the z axis; and 
the third mechanisms (12, 13, 14, 16) is a third po- 
sitioning mechanism operabiy connected to posi- 
tion the artificial vision camera (1 ) and the lens hold- 
er (8) in an x-y plane nonnal to the z axis, and to 

35 rotate the artif k^ial vision camera (1 ) and the lens 
holder (8) about the y axis. 

3. A system according to claim 2, wherein the third 
mechanisms (12, 13, 14, 16) further comprises a 

40 rotary stage (1 2) operabiy connected to rotate both 
the artificial vision camera (1) and lens holder (8) 
around the z axis, a gonio stage (13) operabiy con- 
nected to rotate the artificial vision camera (1) and 
lens holder (8) about the y axis, an xy stage (14) 

45 operabiy connected to move the artificial vision 
camera (1) and lens holder (8) parallel to x and y 
axes, and a z stage (16) operabiy connected to 
move the artificial vision camera (1 ) and lens holder 
(8) parallel to the z axis. 

50 

4. A system according to any one of claims 1 to 3, 
wherein said artificial vision lens system (3) com- 
prises optical constants of a paraxial area calculat- 
ed for a simulated eye, the artificial lens system (3) 

55 simulating the positional relationship between a 
lens (2) and an object side principal point of an eye* 
ball (E). 
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5. A system according to claim 4, wherein the simulat- 
ed eye is a Glustrand's precision simulated eye. 

6. A system according to claim 2, wherein said artificial 
vision lens system (3) comprises, sequentially from 
an object side of said artificial vision (1 ), a front lens 
group (31) having negative refracting power, a stop 
(32), and a rear lens group (33) having positive re- 
fracting power, wherein said system includes a focal 
point controllable by movement of the rear lens 
group (33). 

7. A system according to anyone of claims 1 to 6, 
wherein said artificial vision camera (1) comprises 
a planar image pickup including a CCD (5). 

8. A system according to claim 7, further comprising a 
display (27) connected to display an image picked 
up by said artificial vision camera (1). 

9. A system according to anyone of claims 1 to 8, fur- 
ther comprising, sequentially arranged, from a po- 
sition relatively nearer said artificial vision camera 
(1), a first collimator (23), a diffuser (24), a second 
collimator (25), and an illuminator (26), and further 
comprising a rail (22), operably connected to mov- 
ably support the sequentially arranged elements. 

10. A system according to anyone of claims 1 to 9, fur- 
ther comprising sequentially an'anged from a posi- 
tion relatively nearer said artificial vision camera (1 ), 
a diffuser (24), a collimator (25), and an illuminator 
(26), and a rail (22) operably connected to movably 
support the sequentially arranged elements. 

11. A method of simulating a retinal image, comprising 
the steps of: providing an artificial vision camera (1 ) 
including an artificial ocular optical system (3) hav- 
ing a simulated turning point and a planar image- 
pickup; 

providing a lens holder (8) for holding a lens (2); 
providing a lens (2); 

moving the lens (2) and the artificial vision cam- 
era (1 ) to simulate movement of the artificial vi- 
sion camera (1) about the turning point; 
providing a standard object (18), and control- 
ling the movement of the artificial camera (1) 
and lens (2) so that the camera (1 ) points to a 
predetemnined position on said object (18); 

wherein said step of moving comprises the further 
steps of: rotating the artificial vision camera (1) 
about a first vertical z axis passing through the sim- 
ulated turning point; rotating a lens (2) held in the 
holder (8) to simulate rotation of the artificial vision 
camera (1 ) about a second horizontal y axis passing 
through the simulated turning point and normal to 



the z axis; rotating the artificial vision camera (1) 
and lens (2) about the y axis, moving the artificial 
vision camera (1 ) and lens (2) in an x-y plane normal 
to the z axis, and moving the artificial vision camera 
5 (1) and lens (2) In a direction parallel to the z axis. 



PatentansprQche 

10 1 . KQnstliches Sehsystem zum Simulleren eines Netz- 
hautbildes, das folgende Merkmale aufweist: 

eine kunstliche Sehkamera (1), die ein kunstli- 
ches okular-optisches System (3) mit einem si- 

is mullerten Orehpunkt und einerplanaren Biider- 

fassung aufweist; 
eine Linsenhalterung (8); 
erste Mechanismen (7), die mit der kiinstlichen 
Sehkamera (1 ) betrieblich veriDunden sind, um 

20 die kunstliche Sehkamera (1 ) um den simulier- 

ten Drehpunkt relativ zu einer Linse (2), die in 
der Linsenhalterung (8) gehalten wird, zu dre- 
hen; 

zweite Mechanismen (9), die mit der Hatterung 
25 (B) betrieblich verbunden sInd, um eine Linse 

(2), die in der Linsenhalterung (8) gehalten 
wird, relativ zur kiinstlichen Sehkamera (1) zu 
positionieren; 
ein Standardobjekt (18); 

30 

wobei die ersten und diezweiten IVIechanismen (7, 
9) betrieblich verbunden sind, um die kunstliche 
Sehkamera (1) zu positionieren, so da3 sie durch 
eine Brillenglaslinse (2), die in der Linsenhalterung 
35 (8) gehalten wird, auf eine vorbestlmmte Position 
auf dem Standardobjekt (18) zeigt, 
gekennzeichnet durch 

dritte Mechanismen (12, 13, 14, 15), die mit den er- 
sten Mechanismen (7) und den zweiten Mechanis- 
40 men (9) betrieblich verbunden sind, um eine Dreh- 
und Parallelbewegung auf die Linsenhalterung (8) 
und die kunstliche Sehkamera (1) auszuuben. 

2. System nach Anspruch 1 , bei dem es sich bei den 
45 ersten Mechanismen (7) um einen ersten Drehme- 
chanismus handeit, der betrieblich verbunden ist, 
um die kunstliche Sehkamera (1 ) um eine erste ver- 
tikalez-Achse, die durch den simulierten Drehpunkt 
verlduft, zu drehen; 
50 bei dem es sich bei den zweiten Mechanismen (9) 
um einen zweiten Drehmechanismus handeit, der 
mit der Linsenhalterung (8) betrieblich veriaunden 
ist, um eine Linse (2), die in der Halterung (8) ge- 
halten wird, zu drehen, um eine Drehung der kiinst- 
55 lichen Sehkamera (1) um eine zweite, horizontale 
y-Achse, die durch den simulierten Drehpunkt und 
nomnal zur z-Achse verlauft, zu simulieren; und 
bei dem es sich bei den dritten Mechanismen (12, 
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13, 14, 16) umelnen drltten Posltionierungsmecha- 
nismus handelt, der betrieblich verbunden 1st, urn 
die kiinstliche Sehkamera (1) und die Llnsenhalte- 
rung (8) in einer x-y-Ebene normal zur z-Achse zu 
posltionieren, und urn die kunstliche Sehkamera (1 ) 
und die Linsenhalterung (8) um dIey-Achse zu dre- 
lien. 

3. System nach Anspruch 2, bei dem die dritten Me- 
chanismen (12, 13, 14, 16) femer eine Drehstufe 
(12), die betrieblich verbunden ist, um sowohl die 
kunstliche Sehkamera (1) als auch die Linsenhalte- 
rung (8) um die z-Achse zu drehen, eine Gonio-Stu- 
fe (13), die betrieblich verbunden ist, um die kiinst- 
liche Sehkamera (1) und die Linsenhalterung (8) 
um die y-Achse zu drehen, eine xy-Stufe (14), die 
betrieblich verbunden Ist, um die kiinstliche Sehka- 
mera (1) und die Linsenhalterung (8) parallel zurx- 
und y-Achse zu bewegen, und eine z-Stufe (1 6) auf- 
weisen, die betrieblich verbunden ist, um die kiinst- 
liche Sehkannera (1) und die Linsenhalterung (8) 
parallel zur z-Achse zu bewegen. 

4. System nach einem der Anspriiche 1 bis 3, bei dem 
das kunstliche Seh-Linsensystem (3) optische Kon- 
stanten eines paraxlalen Bereichs aufweist, derfiir 
ein simuliertes Auge berechnet wird, wobei das 
kunstliche LInsensystem (3) die Posltionsbezie- 
hung zwischen einer Linse (2) und einem objeklsel- 
tigen Hauptpunkt eInes Augapfels (E) simuliert. 

5. System nach Anspruch 4, bei dem es sich bei dem 
simullerten Auge um eIn prazislonsslmuliertes Gull- 
strand-Auge handelt. 

6. System nach Anspruch 2, bei dem das kunstliche 
Seh-Linsensystem (3), der ReIhe nach von einer 
Objektseite der kCinstllchen Sehkamera (1), eine 
vordere Linsengruppe (31) mit einer negativen 
Brechkraft, einen Anschtag (32) und eine hintere 
Linsengruppe (33) mIt einer positiven Brechkraft 
aufweist, wobei das System einen Fokalpunkt auf- 
weist, der durch eine Bewegung der hinteren Lin- 
sengruppe (33) steuerbar ist. 

7. System nach einenn der Anspriiche 1 bis 6, bei dem 
die kiinstliche Sehkamera (1) eine planare Bildauf- 
nahme aufweist, die eine CCD (5) aufweist. 

8. System nach Anspruch 7, das femer eine Anzeige 
(27) aufweist, die verbunden ist, um ein Bild anzu- 
zeigen, das durch die kiinstliche Sehkamera (1) 
aufgenommen wIrd. 

9. System nach einem der Anspriiche 1 bis 8, das fer- 
ner der ReIhe nach angeordnet, von einer Position, 
die sIch relativ naher zur kunstlichen Sehkamera (1 ) 
befindet. einen ersten Kollimator (23), einen Diffu- 



sor (24), einen zweiten Kollimator (25) und einen 
Illuminator (26) aufweist, und ferner eine Schiene 
(22) aufweist, die betrieblich verbunden Ist, um die 
der ReIhe nach angeordneten Elemente beweglich 
5 zu lagem. 

10. System nach einem der Anspriiche 1 bis 9, das fer- 
ner der ReIhe nach angeordnet, von einer Position, 
die sich relativ naher zur kiinstlichen Sehkamera (1) 

10 befindet, einen Diffusor (24), einen Kollimator (25) 
und einen Illuminator (26) sowie eine Schiene (22) 
aufweist, die betrieblich verbunden ist, um die der 
Reihe nach angeordneten Elemente beweglich zu 
lagem. 

15 

11. Verfahren zum Simulieren eines Netzhautbildes, 
das folgende Schritte umfaBt: 

Bereitstellen einer kiinstlichen Sehkamera (1), 
20 die ein kunstliches okular-optisches System (3) 

mit einem simulierten Drehpunkt und einer pla- 
naren Bildaufnahme aufweist; 
Bereitstellen einer Linsenhalterung (8) zum 
Halten einer Linse (2); 
25 Bereitstellen einer Linse (2); 

Bewegen der Linse (2) und der kiinstlichen 
Sehkamera (1), um eine Bewegung der kiinst- 
lichen Sehkamera (1) um den Drehpunkt zu si- 
mulieren; 

30 Bereitstellen eines Standardobjekts (18) und 

Steuern der Bewegung der kiinstlichen Kame- 
ra (1 ) und der Linse (2), so dal3 die Kamera (1 ) 
auf eine vorbestimmte Position auf dem Objekt 
(18) zeigt; 

35 

wobei der Schritt des Bewegens ferner folgende 
Schritte umfaBt: Drehen der kiinstlichen Sehkame- 
ra (1 ) um eine erste vertikale z-Achse, die durch den 
simulierten Drehpunkt verlauft; Drehen einer Linse 

40 (2), die in der Halterung (8) gehalten wIrd, um eine 
Drehung der kiinstlichen Sehkamera (1) um eine 
zwelte horizontale y-Achse, die durch den simulier- 
ten Drehpunkt und nomnal zur z-Achse verlauft, zu 
simulieren; Drehen der kunstlichen Sehkamera (1) 

45 und der Linse (2) um die y-Achse, Bewegen der 
kiinstlichen Sehkamera (1) und der Linse (2) in ei- 
ner x-y-Ebene nomial zur z-Achse und Bewegen 
der kunstlichen Sehkamera (1) und der Linse (2) In 
einer Rtehtung parallel zur z-Achse. 

50 

Revendlcations 

1 . Systfeme de vision artificielle pour simuler une Ima- 
55 ge r6tinienne, comprenant : 

une camera de vision artificielle (1 ) comprenant 
un syst6me optique oculaire artlficlel (3) ayant 
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un point d'inflexlon simul6 et un capteur d'ima- 
ge plan ; 

un support de lentille (8) ; 
des premiers m6canismes (7) connect6s de 
manl^re op^rationnelle k la camera de vision 5 
artificielle (1) pour faire tourner la camera de 
vision artificielle (1) autour du point d'inflexion 
Simula par rapport k une lentille (2) maintenue 
sur ie support d'objectif (8) ; 
des deuxidmes m^canlsmes (9) connect^s de io 
manlfere op6rationnelle au support (8), pour po- 
sitlonner une lentille (2) maintenue sur Ie sup- 
port d'objectif (8) par rapport k la camera de vi- 
sion artificielle (1) ; 

un objet standard (1 8) ; *5 

dans lequel les premiers et deuxi^mes m§ca- 
nismes (7, 9) sontconnect^s de maniere op6ration- 
nelle pour positlonner ladite camera de vision arti- 
ficielle (1) pourpointer&travers une lentille deverre 20 
de lunettes (2) maintenue sur Ie support d'objectif 
(8) vers un emplacement pr§d6tennine sur ledit ob- 
jet standard (18), 

caracterise par 

des trolsi^mes m^canlsmes (12, 13, 14, 16) 2S 
connect6s de manidre op§rationnelle aux premiers 
mecanismes (7) et aux deuxidmes mecanismes (9) 
pour communiquer la rotation et Ie mouvement pa- 
rallele au support de lentille (8) et k la camera de 
vision artificielle (1). so 

2. Systeme selon la revendication 1 , dans lequel : 

les premiers m^anlsmes (7) sont un premier 
m6canlsme de rotation connect6 de manlfere 35 
op6rationnelle pour faire tourner la camera de 
vision artificielle (1) autour d'un premier axe z 
vertical passant par Ie point d'inflexlon slmul§ ; 
les deuxiemes mecanismes (9) sont un deuxie- 
me m6canlsme de rotation connects de manlfe- 40 
re operationnelle au support de lentille (8) pour 
faire tourner une lentille (2) maintenue sur Ie 
support de lentille (8) pour simuler la rotation 
de la camera de vision artificielle (1 ) autour d'un 
second axe y horizontal passant par Ie point ^5 
d'inflexion simul6 et normal k I'axe z ; et 
les troisldmes mecanismes (12, 13, 14, 16) 
sont un trolsieme m^canisme connects de ma- 
niere operationnelle pour positlonner la camera 
de vision artificielle (1) et Ie support de lentille so 
(8) dans un plan x-y nomnal k I'axe z, et pour 
faire tourner la camera de vision artificielle (1) 
et Ie support de lentille (8) autour de I'axe y. 

3. Systeme selon la revendication 2, dans lequel les 
troisiemes mecanismes (12, 13, 14, 16) compren- 
nent en outre une platine rotative (1 2) connectee de 
maniere operationnelle pour faire toumer k la fois 



la camera de vision artificielle (1) et Ie support de 
lentille (8) autour de i'axe z, une platine goniometri- 
que (13) connectee de maniere operationnelle pour 
faire tourner la camera de vision artificielle (1 ) et Ie 
support de lentille (8) autour de I'axe y, une platine 
xy (14) connectee de maniere operationnelle pour 
deplacer la camera de vision artificielle (1 ) et Ie sup- 
port de lentille (8) paralieiement aux axes x et y, et 
une platine z (1 6) connectee de maniere operation- 
nelle pour deplacer la camera de vision artificielle 
(1) et Ie support de lentille (8) paralieiement k I'axe 

2. 

4. Systeme selon I'un quelconque des revendications 
1 k 3, dans lequel ledIt systeme de lentilles de vision 
artificielle (3) comprend des constantes optiques de 
surface paraxiale calcuiees pour un oeil simuie, Ie 
systeme de lentilles de vision artificielle (3) simulant 
la relation de position entre une lentille (2) et un 
point principal cote objet d'un globe oculaire (E). 

5. Systeme selon la revendication 4, dans lequel I'oeil 
simuie est un oeil simuie de precision de Gullstrand. 

6. Systeme selon la revendication 2, dans lequel ledit 
systeme de lentilles de vision artificielle (3) com- 
prend, de man lere sequentielle a partir d'un cote ob- 
jet de ladite camera de vision artificielle (1 ) , un grou- 
pe de lentilles frontal (31) ayant une puissance de 
refrlngence negative, un diaphragme (32), et un 
groupe de lentilles arriere (33) ayant une puissance 
de refrlngence positive, dans lequel ledit systeme 
comprend un foyer contrdlable par Ie mouvement 
du groupe de lentilles arriere (33). 

7. Systeme selon I'une quelconque des revendica- 
tions 1^6, dans lequel ladite camera de vision ar- 
tificielle (1 ) comprend un capteur d'Image plan com- 
portant un CCD (5). 

8. Systeme selon la revendication 7, comprenant en 
outre un ecran (27) connecte pour afflcher une ima- 
ge captee par ladite camera de vision artificielle (1 ). 

9. Systeme selon I'une quelconque des revendica- 
tions 1 k 8, comprenant en outre, disposes les uns 
k la suite des autres k partir d'une position relative- 
ment plus proche de ladite camera de vision artifi- 
cielle (1), un premier colllmateur (23), un diffuseur 
(24), un second colllmateur (25) et un illumlnateur 
(26), et comprenant en outre un rail (22) connecte 
de maniere operationnelle pour supporter de ma- 
niere mobile les elements disposes les uns k la sui- 
te des autres. 

10. Systeme selon I'une quelconque des revendica- 
tions 1 k 9, comprenant en outre, disposes les uns 
k la suite des autres k partir d'une position relative- 
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ment plus proche de ladite camera de vision artifi- 
cielle (1 ), un diffuseur (24), un collimateur (25) et un 
illuminateur (26), et un rail (22) connects de manlfe- 
re op^rationnelle pour supporter de naaniere mobile 
les 6l6ments disposes les uns k la suite des autres. s 

11. Procede de simulation d'une image r6tinienne, 
comprenant les 6tapes consistant k : 

proposer une camera de vision artificlelle (1) io 
comprenant un systfeme optlque oculaire artifi- 
ciel (3) ayant un point d'inflexion simul6 et un 
capteur d'image plan ; 

proposer un support de lentiile (8) pour suppor- 
ter une lentiile (2) ; is 
proposer une lentilie (2) ; 
d^placer la lentilie (2) et la camera de vision 
artificielle (1 ) pour simuler le mouvement de la 
camera de vision artificielle (1) autour du point 
d'inflexion ; 20 
proposer un objet standard (1 8) et control er le 
mouvement de la camera artlf icielie (1 ) et de la 
lentiile (2) de maniere a ce que la camera (1) 
pointe vers une position pr6d6termln6e sur ledit 
objet (18); 2S 

dans lequel ladite etape de depiacement 
comprend en outre les stapes consistant k : faire 
toumer la camera de vision artificielle (1) autour 
d'un premier axe vertical z passant par le point d'ln- 30 
flexion simule ; faire tourner une lentiile (2) mainte- 
nu sur le support de lentilie (8) pour simuler une ro- 
tation de la camera de vision artificielle (1) autour 
d'un second axe y horizontal passant par le point 
d'inflexion et normal k I'axe z ; faire tourner la ca- 35 
m6ra de vision artificielle (1) et la lentiile (2) autour 
de I'axe y ; d^placer la camera de vision artificielle 
(1) et la lentilie (2) dans un plan x-y nonnal k I'axe 
z ; et deplacer la camera de vision artificielle (1) et 
la lentiile (2) dans une direction parall^le k I'axe z. "^o 
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ARTinciAL VISION CAMERA 




^ FIG.2(a) 

ROTARY STAGE 




FIG.2(c) 
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ARTIFICIAL VISION CAHHRA 




FIG.4 
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CaPEX of CORNEA AND PUPIL ENTRANCE 
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FIG.5 
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FIG. 12 
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